The possibility of supplementing livestock diets with an aluminosilicate to protect them from fescue toxicosis was investigated. An in vitro study showed that hydrated sodium calcium aluminosilicate (HSCAS) removed > 90% of the ergotamine from aqueous solutions at pH 7.8 or lower, indicating a high affinity of ergotamine for HSCAS in vitro. Rats fed diets containing tall fescue seed infested (E+) with the endophytic fungus Acremonium coenophialum had lower [P < .05) feed intakes and weight gains than did rats fed diets containing uninfested (E-) tall fescue seed.
Introduction
Cattle and sheep consuming tall fescue (Festuca arundinacea Schreb.1 infested with the endophytic fungus Acremonium coenophialum frequently exhibit decreased weight gains, low reproductive performance, elevated body temperatures, and decreased serum prolactin (PRL) concentrations (Stuedemann and Hoveland, 1988) . Although A.
detrimental to livestock, it has been shown to protect the plant from insects and nematodes and improve its drought tolerance (Pedersen et al., 1990) . Therefore, it is desirable to retain the advantages of E+ tall fescue while protecting livestock from its toxic xenobiotics. One possible protection mechanism might be to supplement E+ tall fescue diets with an aluminosilicate that adsorbs the xenobiotic(s1 responsible for fescue toxicosis. However, adsorption properties of aluminosilicates have the potential to interfere with mineral absorption. Our objectives were to evaluate the ability of hydrated sodium calcium aluminosilicate (HSCAS) to protect livestock from xenobiotics responsible for fescue toxicosis and to determine whether HSCAS affected absorption of cationic minerals.
Materials and Methods

In Vitro Experiment
The ability of HSCAS to adsorb ergopeptine alkaloids was evaluated by incubating ergotamine (Sigma Chemical, St. Louis, M01 with HSCAS (Engelhard, Cleveland, OH) in buffered solutions representing the range in pH found in the ruminant gastrointestinal tract. Ergotamine was used because of its structural similarity to ergovaline, the major ergopeptine alkaloid associated with endophyte infestation of tall fescue (Lyons et al., 1986; Belesky et al., 19881 , and because it has produced toxicosis signs in cattle that were similar to signs of fescue toxicosis (Osborn et al., 1988) .
A completely random experimental design was used with a 2 x 6 factorial arrangement of treatments. Main effects were HSCAS (none or 150 mg) and pH (2.5, 5.0, 6 .0, 7.5, 7.8, or 8.0). Solutions of pH 5, 6, 7.8 , and 8 were prepared with mixtures of sodium acetate and acetic acid. A pH 2.5 solution was made with KH2 PO4 and H3P04, and a pH 7.5 solution of artificial saliva was made according to the formulation described by McDougall (1948) . Nine milliliters of buffer solution, 1 mL of 2% (wt/ vol) tartaric acid containing 2 mg/mL of ergotamine tartrate, and either 150 mg of HSCAS or no HSCAS were added to duplicate polypropylene tubes for each treatment combination. Solutions were agitated on a mechanical shaker for 1 h and then centrifuged for 5 min at 575 x g, and the supernatant fluid was decanted. Ergotamine was extracted from both the supernatant fluid and the HSCAS pellets by washing them with three to-mL volumes of ethyl acetate, in which ammonium hydroxide had been added, as required, to raise pH to between 8 and 10. After each addition of ethyl acetate, mixtures were agitated on a mechanical shaker for 30 min. The organic fraction was recovered, composited for each tube, and washed with chloroform (three washings of 5 mL each). Chloroform extracts were composited for each tube and washed with 2% (wt/vol) tartaric acid (three washings of 5 mL each). The aqueous extracts were combined from each tube, and the total volume was brought to 20 mL with 2 % (wt/ vol) tartaric acid. Ergotamine concentrations in tartaric acid solutions were determined colorimetrically (Michelon and Kelleher, 1963) .
Data were analyzed by analysis of variance ilring the GLM procedure of SAS (1985) . The individual in vitro tube was considered to be the experimental unit. Variables included in the model were pH, HSCAS, and their interaction. Differences among treatment means were assessed by IN FESCUE DIETS 2839 least squares mean separation using the PDIFF option of SAS (19851.
Rat Growth Experiment
Thirtysix Sprague-Dawley male rats with a n initial average BW of 259 g were used in a 28-d growth trial. Rats were stratified by weight and cage location within racks to one of six blocks and allotted to treatments in a randomized complete block design. Dietary treatments were as follows: 1) E+ tall fescue seed, 2) E+ tall fescue seed plus HSCAS, 3) uninfested (E-] tall fescue seed, 4) E-tall fescue seed plus HSCAS, 5) Diet 3 pair-fed with Diet 1, and 6) Diet 4 pair-fed with Diet 2. The E+ and E-tall fescue seed diets included 40% E+ or E-tall fescue seed (ground to pass a 2-mm screen in a Wiley mill) and 60% semipurified basal diet (Table 1) . The tall fescue seed plus HSCAS diets contained 2 % HSCAS (as fed basis) and were formulated by adding HSCAS to the tall fescue seed-semipurified basal mixtures shown in Table 1 .
Rats were housed in individual cages in a n environmentally controlled room with a tempera ture of approximately 23'C and a daily 12-h light and 12-h dark cycle. Feed was offered at the beginning of each 12-h dark period and was removed at the beginning of the light cycle. Within each block, the amount of diet offered the rat pairfed the E-seed or E-seed plus HSCAS treatment was equal to the amount of diet consumed the previous day by the rat on the E+ seed or E+ seed plus HSCAS treatment, respectively. Feed consumption was recorded daily for each rat. Access to water was allowed continually.
Rats were killed by cranial percussion. Blood samples were taken by heart puncture and allowed to coagulate, and serum was harvested by centrifugation at 5,000 x g. Serum was assayed for PRL using the RIA procedure of Bolt and Rollins (19831, modified according to the method of McKenzie (1987) . After blood collection, whole kidney, liver, and testes were excised and weighed. Diets were analyzed for Kjeldahl N and gross energy (AOAC, 19841. The staining technique of Welty et al. (1986) was used to determine the percentage of A. coenophialurn-infected seeds in E+ and Eseedlots. Ground samples of E+ and E-seed were extracted with chloroform, and extracts were assayed for aflatoxins using thin-layer chromatography (AOAC, 1984) .
Data were analyzed by analysis of variance using the GLM procedure of SAS (1985) . Variables initially included in the model were diet, block, and their interaction. Treatment means were 
Sheep Digestion Experiment
Sixteen crossbred wethers (eight Dorset x Finn and eight Suffolk x Hampshire; approximately 60 kg) were allotted to four blocks by breed and weight and assigned randomly to treatments in a randomized complete block design with a 2 x 2 factorial arrangement of treatments. Dietary treatments were as follows: 1) E-tall fescue hay, 2) Etall fescue hay plus HSCAS, 3) E+ tall fescue hay, and 4) E+ tall fescue hay plus HSCAS. The trial consisted of a 10-d preliminary period followed by a 7-d collection period.
Twice daily, at 0800 and a t 1700, each wether received a supplement that contained 100 g of ground corn, 10 g of a mineral-vitamin supplement3, and either none or 10 g of HSCAS on a n asfed basis. Components of the supplements were mixed for each animal before each feeding. After consumption of the supplement at each feeding, wethers were allowed access to 440 g (as-fed basis) 3Ca, 9.0%; P, 4.0%; NaC1, 49.0%; Mg, 2.0%; K, .5%; Mn, 1, 197 mg/kg; Zn, 1,980 mg/kg; Fe, 1,980 mg/kg; Se. 24 mg/kg; vitamin D3, 33,000 IU/kg; vitamin A, 440,000 IU/kg; and vitamin E, 220 IU/kg. Sources of minerals were salt, dicalcium phosphate, calcium carbonate, cane molasses, magnesium oxide, solventextracted cottonseed meal, sodium molybdate, zinc oxide, ferrous sulfate, cobalt carbonate, and sodium selenite.
of hay for 1 h. Hays were first cuttings from stands of E+ and E-'Kentucky 31' tall fescue that had been established on adjacent plots 3 yr earlier.
Since establishment of the E+ and E-tall fescue plots, similar amounts of P and K were applied to each plot according to yearly soil tests, and 60 kg of N/ha was applied each spring. Hays were harvested on the same date, sun-cured, and chopped in a hammer mill to pass a 2.54-cm screen. Tillers of tall fescue from E+ and E-plots were sampled using methods described by Thompson et al. (1989) and the presence of A. coenophialum determined by the protein A sandwich enzyme-linked immunosorbent assay of Reddick and Collins (1988) . Fewer than 5 % of the tillers from the E-tall fescue plot were infected with A. coenophiaZum, but 68% of the tillers from the E+ tall fescue plot were infected.
Sheep were housed in metabolism crates (Briggs and Gallup, 1949) for total collection of feces. During the collection period, 200-g grab samples of E+ and E-hays were obtained daily and composited within hay treatment. After mixing the total daily fecal output of each wether, a 10% aliquot was collected, dried for 48 h at 60°C, and composited within animal over the 7-d collection period. Dietary ingredients and feces were analyzed for concentrations of Kjeldahl N, DM, and ash (AOAC, 1984) . Hays were analyzed for NDF, ADF, and ADL according to nonsequential procedures of Goering and Van Soest (1970) . Dietary ingredients and feces were dryashed a t 600" C and digested with 3 mL of 6 N HC1. Concentrations of Ca, Cu, K, Mg, Mn, Na, and Zn were determined in diluted digesta according to methods described by AOAC (1984) using a n atomic absorption spectrophotometer (Instrumentation Laboratories, Wilmington, MA). Colorimetric procedures were used for the determination of S (Hakkinen and Hakkinen, 1959) and P (Fiske and Subbarow, 1925) .
During the 7-d collection period, rectal temperatures and respiration rates were recorded daily before feeding at 1700. Blood was collected by jugular venipuncture at 1200 on d I, 4, and 7 of the collection period. Serum was separated from blood by centrifugation and assayed for PRL using the RIA procedure of Bolt and Rollins (19831, modified by McKenzie (1987) . Serum Cu was determined by atomic absorption spectrometry after deproteinizing serum with 1 mL of tricarboxylic acid (AOAC, 1984) . Serum alkaline phosphatase (ALP), sorbitol dehydrogenase (SDH), aspartate aminotransferase (ASTI, alanine aminotransferase (ALT), and yglutamyltransferase (y-GT) activities were measured using diagnostic kits (Sigma Chemical, St. Louis, Mol.
Ruminal fluid was collected via stomach intubation 4 h after the morning feeding at the end of the collection period, and pH was recorded immediately with a combination electrode. Concentration of ammonia N (NH3 N) in ruminal fluid was measured according to the procedure described by Chaney and Marbach (1962) . Ruminal fluid was prepared for VFA analysis according to the procedure described by Erwin et al. (1961) . A gas chromatograph (Model 58908, Hewlett-Packard, Palo Alto, CAI with a 10-m x .53-mm fused-silica capillary column (HP-FFAP, Hewlett-Packardl was used to separate and quantify VFA. The column temperature was 95' C, N carrier gas flow rate was 12 mL/min, and split vent ratio was 40:l. Temperatures of the injector block and flame ionization detector were maintained a t 220 and 25OoC, respectively.
Data were analyzed using the GLM procedure of SAS (1985) . Variables included in the model were infestation status, HSCAS, and their interactions. Differences among treatment means were assessed by least squares mean separation using the PDIFF option of SAS.
The protocol of each experiment was approved by the Animal Care Committee of the University of Tennessee Institute of Agriculture according to guidelines of the Consortium (1988).
Results and Discussion
In Vitro Experiment Recovery of ergotamine from the liquid fraction depended on both pH and presence of HSCAS. At pH between 2.5 and 7.8, less ergotamine was recovered from the liquid fraction of solutions containing HSCAS (P e .001) than from solutions without HSCAS (Table 21 , indicating that ergotamine was adsorbed by HSCAS within this range of pH. At pH 8, however, there was complete recovery of ergotamine from the liquid fraction of both treatments. The percentage of ergotamine recovered from the HSCAS pellet was 78.0, 68.5, 71.0, 73.0, 74.5, and 0 when pH was 2.5, 5.0, 6.0, 7.5, 7.8, and 8.0, respectively. At pH 2.5, 5.0, 6.0, 7.5, and 7.8, total recoveries of ergotamine from the liquid fraction plus the HSCAS pellet of treatments with HSCAS were less than total recovery of ergotamine from treatments without HSCAS; this indicates some irreversible absorption of ergotamine by HSCAS. Because pH of the sheep small intestine increases from approximately 2.5 in the duodenum to a maximum of 7.5 to 8.2 at the distal jejunum and ileum aennox and Garton, 1968; BenGhedalia et al., 19741, these results indicate that HSCAS has the potential to adsorb ergopeptine alkaloids in the rumen, abomasum, duodenum, and proximal jejunum, but alkaloids might be desorbed in the distal jejunum and ileum. scripts diffx (P < .0011.
Rat Growth Experiment
Diets used in our study were isoenergetic (4.5 rt .1 kcal of GE/g of DM) and isonitrogenous (27.2 rt .5 mg of N/g of DM). Alflatoxins were not detected in either E+ or E-tall fescue seed.
Feed intake by rats offered E+ seed diets was not affected by inclusion of HSCAS (Table 31 . Ad libitum intake of the E-seed diet without HSCAS, however, was greater (P e .05) than that of the Eseed diet with HSCAS. As expected, feed intakes did not differ among rats offered E+ seed diets and pair-fed E-seed diets. Rats with ad libitum access to E+ and pair-fed E-treatments had lower (P < .001) feed intakes than rats with ad libitum access to E-seed diets. Others have reported lower ad libitum intakes of E+ tall fescue seed diets than of E-tall fescue seed diets by rats (Neal and Schmidt, 1985; Jackson et al., 1986) and cattle (Schmidt et al., 1982) .
Weight gains by rats fed E+ seed diets or pairfed E-seed diets were not affected by inclusion of HSCAS in the diets. Rats with ad libitum access to E-seed diets gained less weight (P e .05) when diets were supplemented with HSCAS; this was related to differences in intake of the E-seed diets with and without HSCAS. found no difference in weight gain or ad libitum feed intake by chicks fed diets with or without 1% HSCAS. Differing effects of HSCAS on feed intake and weight gains in our study and that of may be a result of species differences and(or1 level of HSCAS included in diets. Rats with ad libitum access to E-diets gained more (P < .001) weight than did rats fed E+ seed diets or pairfed E-seed diets. Because rats fed E+ seed diets and pair-fed E-seed diets had similar weight gains, the difference in weight gain of rats with ad libitum access to E+ or E-seed diets seemed to result from differences in feed intake, not from differences in feed utilization. Jackson et al. (1986) CE+ ad libitum and E-pair-fed vs E-ad libitum differ (P < .0011.
dE+ ad libitum vs E-pair-fed differ (P < .IO).
reported similar results when feeding rats E+ and E-tall fescue seed diets. Within E+, E-, and pair-fed E-treatments, addition of HSCAS had no effect on efficiency of gain. Rats receiving E+ diets or pair-fed E-diets had similar efficiencies of gain. Greater (P < .05) gain per unit of feed for rats with a d libitum access to E-seed diets than for rats fed E+ or pair-fed Eseed diets can be attributed to additional intake of energy above maintenance requirements.
Unlike BW gains, testes weights of rats fed E+ seed diets tended (P .lo) to be lower than those of rats pair-fed E-seed diets. Alamer and Erickson (1990) found that testes of bull calves grazing E+ tall fescue pastures had fewer Sertoli cells than those of bull calves grazing E-tall fescue pastures. Histological examination of testes were not performed in our study, but differences in testicular weights suggests a n impairment in testicular development as a result of E+ seed consumption. Zavos et al. (1987) observed that male rats fed a diet containing E+ tall fescue seed had less reproductive capacity than did male rats fed a diet with E-tall fescue seed. Kidney and liver weights of rats receiving Eseed diets were greater (P < .001) than those of rats receiving E+ and pair-fed E-seed diets. These differences seemed to be a function of feed intake rather than of endophyte infestation of the seed because kidney and liver weights did not differ among rats receiving E+ diets and rats pair-fed Ediets. Within E+, E-, and pair-fed E-diets, addition of HSCAS did not affect testes, kidney, or liver weights.
Serum PRL concentrations tended to be lower (P e .IO) in rats receiving E+ diets than in rats pairfed E-diets. Jackson et al. (1986) also found that rats receiving an E+ tall fescue seed diet had lower serum PRL concentrations than did rats pair-fed a n E-tall fescue seed diet. Within E+ treatments, addition of HSCAS did not overcome the decrease in serum PRL concentrations attributed to ingesting E+ tall fescue seed.
Sheep Digestion Experiment
Sheep consuming E+ hay without HSCAS had elevated (P < .05) rectal temperature compared with those consuming E-hay without HSCAS ( Table 4) . Addition of HSCAS had no effect on rectal temperatures within E+ or E-treatments, and there was no endophyte infestation x HSCAS interaction. Respiration rates did not differ among treatments.
Concentrations of serum PRL did not differ between sheep fed E+ and E-treatments. Others have observed that serum PRL concentrations of sheep decreased within 3 to 4 d after they were switched from orchardgrass to E+ tall fescue (Bolt et al., 1982) . Serum PRL concentrations are known to decline with declining photoperiod in sheep (Pelletier, 1973; Thimonier et al., 1978) . Chestnut et al. (1992) found differences in PRL concentrations among sheep fed E+ or E-tall fescue hays in August but not in October, which resulted in a sampling date x treatment interaction. Although our study was conducted in June, transferring sheep from a n outdoor lot to indoor metabolism crates with incandescent lighting may have affected PRL and confounded treatment effects.
Serum PRL concentrations were greater (P < .05) in sheep that received HSCAS than in those that did not receive HSCAS; the reason for this finding is not known. There was no endophyte infestation x HSCAS interaction. ferase, rGT = rglutamyltransferase, and SDH = sorbitol dehydrogenase.
ALUMINOSILICATE IN FESCUE DIETS
Activities of ALP, AST, ALT, and y-GT in serum did not differ among treatments (Table 41 , and there were no endophyte infestation x HSCAS interactions. Bond et al. (1984) and Boling et al. (1989) found that serum ALP activity in steers ingesting E+ tall fescue forage was lower than in steers ingesting E-tall fescue forage. However, Dougherty et al. (1991) reported no difference in serum ALP activity in steers consuming diets with or without E+ tall fescue seed. Both Dougherty et al. (1991) and Piper et al. (1991) observed lower serum AST activity in cattle consuming E+ tall fescue seed or forage than in cattle consuming Etall fescue seed or forage, but Bond et al. (1984) found no difference in serum AST activity between steers grazing E+ and E-tall fescue. No differences have been reported in serum ALT activity between cattle grazing E+ and E-tall fescue (Bond et al., 1984; Piper et al., 1991) . Bond et al. (1984) reported similar activities of y-GT between steers grazing E+ and E-tall fescue, but Dougherty et al. (1991) reported less serum y-GT activity in steers consuming E+ tall fescue seed than in steers consuming a diet without tall fescue seed. Differences in responses of various serum enzymes among experiments may be a result of differences in species and(or1 intake or toxic alkaloids.
An endophyte infestation x HSCAS interaction (P .051 was observed for serum SDH activity.
Serum SDH activity in sheep consuming E+ hay without HSCAS supplementation was greater (P <
.051 than for other treatments. This finding suggests hepatocellular injury resulting from con sumption of the E+ fescue hay and that HSCAS provided protection against this injury. Neither endophyte infestation of tall fescue nor supplementation with HSCAS affected ruminal VFA concentrations, which averaged 37, 15.1, and 4.4 pmol/mL for acetate, propionate, and butyrate, respectively, and there were no endophyte infestation x HSCAS interactions. Ruminal pH (6.6) and ruminal ammonia concentrations (1.2 mg/dL) also did not differ among treatments, and there was no endophyte infestation x HSCAS interaction.
Crude protein, NDF, ADF, and ADL concentrations were similar among E+ and E-tall fescue hays ( Table 5) . Concentrations of Ca, P, Mg, K, and N a in E+ and E-hays were within the ranges of those previously reported for tall fescue harvested in spring (Powell et al., 1978; Pendlum et al., 1980; Reynolds and Wall, 1982) . Similar concentrations of Ca, P, and K were observed in E+ and E-hays, but concentrations of Mg, Na, and S were lower and concentrations of Mn, Zn, and Cu were slightly higher in E+ hay than in E-hay. The difference in concentration of S among hay treatments was large and may have resulted from differences in fertilizer applications to the plots before E+ and E-tall fescue stands were established.
Daily intakes and apparent absorption coefficients of OM and N did not differ among treatments (Table 61 , and there were no endophyte infestation x HSCAS interactions. Barth et al. (1989) also found that OM digestibility of E+ and Etall fescue hays by sheep did not differ when hays were of similar quality and fed at equal intakes. Intakes of Na, Mg, and S were lower and intakes of Zn and Cu were greater (P < .05) by sheep receiving E+ hay than by sheep receiving Ehay (Table 6) ; this was a result of the difference in concentrations of these minerals among the E+ and E-hays. Calcium intake was greater (P < .05) by sheep supplemented with HSCAS than by those not receiving HSCAS, which resulted from the Ca content of HSCAS. No endophyte infestation x HSCAS interaction was observed for intake of any of the minerals studied.
Apparent absorption of Ca, P, Na, and K was not affected by endophyte infestation of the hay, by HSCAS supplementation, or by an endophyte infestation x HSCAS interaction. Values were within the range of digestion coefficients reported previously for sheep fed tall fescue hay (Powell et al., 1978; Pendlum et al., 19801 . The effect of HSCAS on P absorption agrees with the findings of Chung and Baker (19901, Manganese absorption was greater (P < .05) by sheep receiving no HSCAS than by sheep receiving HSCAS. found no effects on Mn content of chick tibia when HSCAS was added at levels up to 1% of the total diet. Differences between species and(or1 level of dietary HSCAS between studies may explain the difference in effects of HSCAS on Mn utilization. No endophyte infestation x HSCAS interaction was observed for Mn absorption in our study. Zinc absorption coefficients did not differ between hay treatments, and there was no endophyte infestation x HSCAS interaction. The proportion of Zn apparently absorbed by sheep fed HSCAS was lower (P e .05) than that absorbed by sheep not given HSCAS. This result indicates a n impairment of Zn absorption by HSCAS and corroborates the findings of , who observed that the Zn content of chick tibia decreased linearly as HSCAS was added a t levels of up to 1% of the diet.
Apparent absorption of Cu was greater (P e .05) by sheep receiving E+ tall fescue than by sheep receiving E-tall fescue. The difference in Cu absorption between treatments may have resulted from the difference in S concentrations of the E+ and E-hays because an increase in dietary S can decrease availability of dietary Cu for sheep (Suttle, 1974) . Supplementation with HSCAS had no effect on apparent absorption of Cu, and there was no endophyte infestation x HSCAS interaction. Serum Cu concentrations averaged 7 mg/dL and did not differ among treatments. Stoszek et al. (1986) reported that cattle grazing tall fescue experienced rapid Cu depletion; however, Bond et al. (19841 reported no effect of E+ tall fescue consumption on serum Cu concentrations in cattle.
Implications
Our results suggest that supplementing A .
coenophialum-infested tall fescue diets with hydrated sodium calcium aluminosilicate does not alleviate typical signs of fescue toxicosis and can IN FESCUE DIETS 2845 impair absorption of Mg, Mn, and Zn. Although lower levels of hydrated sodium calcium aluminosilicate supplementation may have less effect on absorption of these minerals, diets that include hydrated sodium calcium aluminosilicate may need additional fortification with Mg, Mn, and Zn, particularly if they are fed for a n extended period of time.
